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FABRICATION METHOD FOR AN 
ELECTRICALLY ERASABLE 

PROGRAMMABLE READ ONLY MEMORY 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to a fabrication method for 
a Semiconductor device, and more particularly, the present 
invention related to a fabrication method for an electrically 
erasable programmable read only memory (EEPROM) or a 
flash electrically erasable programmable read only memory 
(FLASH EEPROM). 

2. Description of Related Art 
The operation of a split-gate FLASH EEPROM can be 

performed by channel hot electron injection (CHEI) from a 
Source to a floating gate. In Such a method, a high Source 
to-floating gate coupling ratio is required in order to couple 
a high Voltage from the Source Side to the floating gate Side. 

FIGS. 1 is a Schematic, cross-sectional top view of a 
Split-gate flash memory device according to the prior art. 
The Structure of the Split-gate flash memory device includes 
a Substrate 10, comprising a Source region 18 and a drain 
region 20. A gate oxide layer 12, a floating gate 14, a 
dielectric layer 16, and a control gate 18 are formed in 
Sequence on the Substrate 10. 

However, a high Source-to-floating gate coupling ratio 
needs a wide Source 18 junction to floating gate 14 over 
lapped region 22 to provide electrons with enough energy to 
inject into the floating gate 14. That is, a very deep Source 
junction is required. Unfortunately, the very deep Source 
junction causes a restriction when Scaling a cell down. 

Therefore, the present invention provides a Stacked Source 
Structure, which is applicable on a split-gate flash memory 
device. A Stacked Source Structure provides a wide vertical 
interface between a Source junction and a floating gate, and 
keeps the overlap between the Stacked Source Structure of 
horizontal direction and floating gate as minimum as poS 
Sible. Hence, the invention can greatly improve the capa 
bility for Scaling the Split-gate flash memory device down. 

The invention provides a split-gate flash memory that has 
a Stacked Source Structure with a Source coupling with a 
plurality of floating gates. The Stacked Source Structure 
comprises a Source in the Substrate and a vertical polysilicon 
pillar formed on the Source in order to increase the Source 
to-floating gate coupling ratio. The Stacked Source Structure 
has a vertically extended polysilicon pillar on the Substrate, 
the vertical interface area between the Stacked Source Struc 
ture and a floating gate is increased, and the overlap between 
the Stacked Source Structure of horizontal direction and the 
floating gate is kept as minimum as possible. Hence, the 
invention can greatly improve the capability for Scaling the 
Split-gate flash memory device down. Meanwhile, the poly 
Silicon pillar is at least shared by two floating gate. 
From the other point of view, the method for fabricating 

the Split-gate flash memory having the Stacked Source Struc 
ture comprises providing a Substrate, forming a doped 
polysilicon pillar on the Substrate, and forming a Source in 
the Substrate beneath the doped polysilicon pillar. 

According to a preferred embodiment of the present 
invention, the method for fabricating the doped polysilicon 
pillar comprises the following Steps. A Substrate is provided. 
An oxide layer is formed on the Substrate. A trench is formed 
in the oxide layer to expose the Substrate area designated for 
a Source. A polysilicon layer fills with the trench. Ions are 
implanted into the polysilicon layer and the Substrate area 
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2 
designated for the Source. Then, the portion of the polysili 
con layer is removed to form a doped polysilicon pillar. 

In addition, an annealing proceSS is performed to drive the 
ions into the Substrate to form a Source. Then, the oxide layer 
is removed. A first dielectric layer is formed to cover the 
polysilicon pillar and the Substrate. A first doped polysilicon 
layer is deposited on the Substrate, then the first doped 
polysilicon layer is patterned to form a floating gate, and the 
exposed first dielectric layer is removed. A Second confor 
mal dielectric layer covering the float gate and the Substrate 
is formed on the Substrate. Thereafter, a Second doped 
polysilicon layer is formed on the Substrate and then pat 
terned into a control gate. Finally, a drain is formed in the 
Substrate. 

It is to be understood that both the foregoing general 
description and the following detailed description are 
exemplary, and are intended to provide further explanation 
of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this Specification. The drawings 
illustrate embodiments of the invention and, together with 
the description, Serve to explain the principles of the inven 
tion. In the drawings, 

FIG. 1 is a Schematic, cross-sectional view showing a 
Split-gate flash memory according to the prior art. 

FIGS. 2A to 2F are a schematic, cross-sectional view 
showing a process for fabricating a flash memory according 
to a preferred embodiment of the invention. 

FIG. 3 is a schematic, top view showing a layout of a flash 
memory in FIG. 2F according to the preferred embodiment 
of the invention. 

FIG. 4 is a Schematic, croSS-Sectional view of the Structure 
formed by a modified step in FIG. 2A according to the 
preferred embodiment of the invention. 

FIGS. 5A to 5B are a schematic, cross-sectional view of 
the structure formed by a modified step in FIG.2C according 
to the preferred embodiment of the invention. 

FIGS. 6A to 6C are schematic, cross-sectional views of 
the structure formed by a modified step in FIGS. 2D to 2E 
according to the preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 2A to 2F are a Schematic, cross-sectional view 
showing a process for fabricating a flash memory according 
to a preferred embodiment of the invention. 

Referring to FIG. 2A, a substrate 100 is, for example, 
silicon provided with a oxide layer 102, and is formed by, for 
example, chemical vapor deposition. The oxide layer 102 is 
patterned by, for example, reactive ion etching. The pat 
terned oxide layer 102 has a trench 104 to expose the area 
of the substrate 100 designated for a source. 
The oxide layer 102 having a thickness of about 

1000–5000 A is formed on a substrate 100 by, for example, 
chemical vapor deposition. The chemical vapor deposition 
can be low pressure chemical vapor deposition. 

Referring to FIG.2B, a polysilicon layer 106 is deposited 
on the substrate 100 and fills over the trench 104 by, for 
example, low preSSure chemical vapor deposition. Ions 108 
Such as arsenic (AS), phosphorus (P), a combination thereof 
or other N-type dopants having Similar properties are 
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implanted into the polysilicon layer 106 and the area of 
substrate 100 underneath the trench 104 designated for the 
SOCC. 

Referring to FIG. 2C, an annealing proceSS is performed 
to drive the ions into the Substrate 100 in order to form a 
Source 110. The portion of the polysilicon layer over the 
oxide layer 102 is removed by a chemical mechanical 
polishing or an etching back process, and a polysilicon pillar 
106a in the trench 104 is remained. Then, the oxide layer 
102 is removed by wet etching using a Solvent Such as 
hydrofluoric acid. 

Referring to FIG. 2D, a first dielectric layer 111 is formed 
on the substrate 100 covering the polysilicon pillar 106a and 
the substrate 100 by, for example, thermal oxidation. A first 
doped polysilicon layer 112 is deposited on the Substrate 
100. The first doped polysilicon layer 112 can be in-situ 
doped, or it can be formed by ion implantation after the 
deposition. The dopant can be an N-type dopant Such as 
phosphorus. In addition, the thermal oxidation and the 
annealing process can be simultaneously performed, Since 
both processes are conducted at high temperature. 

Referring to FIG. 2E, the first doped polysilicon layer 112 
is patterned into two floating gates 114 to enhance the 
Source-to-floating coupling ratio. The portion of the first 
dielectric layer 111 uncovered by the floating gate 114 and 
uncovering the polysilicon pillar 106a is removed. A con 
formal Second dielectric 116 is, for example, an oxide/ 
nitride/oxide (ONO) film or an inter-poly dielectric layer 
and is formed on the substrate 100 covering the float gates 
114 and the Substrate 100. 

Referring to FIG. 2F, a second doped polysilicon layer 
118 is deposited on the substrate 100 and then patterned into 
a control gate 118. The second doped polysilicon layer 118 
can be in-situ doped. The Substrate 100 is implanted with 
ions to form drains 120 using the control gate 118 as a mask 
(or says self-aligned drain). The Second doped polysilicon 
layer 118 can be replaced with the tungsten silicide layer. 

Referring to FIG. 3, FIG. 3 is a schematic, top view 
showing a layout of a flash memory in FIG. 2F. A substrate 
100 is provided with a strip of a active area 101 and device 
isolation structures 103 formed thereon. The Source 110 and 
drains 120 are formed in the active area. The polysilicon 
pillar 106a runs across the source 110 and is perpendicular 
to the active area 101. One floating gate 114 is formed on 
each of two sides of the source 110. Two strips of control 
gates 118 in parallel with the polysilicon pillar 106a are 
formed on the floating gate 114 and connected with the 
bitline (not shown). In addition, a drain contact window 122 
is formed on the drain 110 to make a connection between the 
drain 120 and the bitline (not shown). 
A preferred embodiment of the present invention is dis 

closed herein. In addition, the following is used to further 
disclose the Spirit of the invention; thus, a modification of 
the preferred embodiment is provided as examples. In these 
examples, the invention can greatly improve the capability 
for scaling the split-gate EEPROM down. 

In the labeling modified device cases, the devices are 
labeled as three digits. If two labeled numbers are only 
different in centesimal digit, both are designated as the same 
device. The difference in centesimal digit indicates whether 
the device is modified or not. In the present invention case, 
“1” is designated as a non-modified device, and “2” is 
designated as a modified device. 

Referring to FIG. 4, FIG. 4 is a schematic, cross-sectional 
view of the structure formed by a modified step in FIG. 2A 
according to the preferred embodiment of the invention. The 
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4 
spacer 203 are formed on the sidewall of the trench 204 (i.e. 
the trench 104 in FIG. 2A) to narrow the cross-sectional area 
of the trench 204; thus, the cross-sectional area of a Subse 
quently formed polysilicon pillar is decreased to overcome 
the restriction caused by the resolution of photolithography. 
The above-mentioned spacer 203 are formed by, for 

example, the following steps. A conformal film layer (not 
shown) fills the trench 204 to a thickness of about 500-2000 
A, and the film layer located over silicon oxide 202 is 
blanket etched back to form the spacer 203. 

The film layer is, for example, Silicon nitride, and the film 
layer is blanket etched back to form the spacer 203 using 
Silicon oxide 202 as an etching Stop. In other case, the film 
layer is, for example, Silicon oxide, and the Spacer 203 are 
formed by properly controlling the etching back time. 

Referring to FIG. 5A and FIG. 5B, FIGS.5A and 5B are 
a Schematic, cross-sectional view of the Structure formed by 
a modified step in FIG. 2C according to the preferred 
embodiment of the invention. In FIG. 5A, a polymer layer 
207 is formed on the polysilicon pillar 206a and the Sub 
strate 100, and the polymer layer is baked for curing. The 
thickness of upper comers 205 of the polymer layer 207 
located on the polysilicon pillar 206a is thinner than that of 
the top portion of the polymer layer 207. Continuing to FIG. 
5A, the polymer layer 207 is then removed by etching until 
upper comers 205 of the polysilicon pillar 206a are exposed. 
Thereafter, the upper comers 205 of the polysilicon pillar 
206a are removed by etching back for a short time, and then 
the polysilicon pillar 206b having modified corners 205a is 
formed to improve the floating gate to first dielectric layer 
breakdown and the retention of data in the memory. 

The polymer layer 207 has a thickness of about 500–2000 
A before the etching Step, and the baking temperature is 
about 100 to 150° C. The etching step includes the dry 
etching Step, and the etching Stop is detected by using a 
monochromometer for the Silicon related bonding. 

Referring to FIG. 6A to FIG. 6C, FIG. 6A to FIG. 6C are 
Schematic, cross-sectional views of the Structure formed by 
a modified step in FIG. 2D to FIG. 2E according to the 
preferred embodiment of the invention. The first dielectric 
layer 211, the first doped polysilicon 212 and the photoresist 
layer 224 are formed over the substrate 200 to cover the 
polysilicon pillar 206b. The photoresist is not solidified as 
coated. The curvature of the photoresist layer 224 is smaller 
than that of the first doped polysilicon layer 212. The 
thickness of the photoresist layer 224 is thinner over the 
arched portion of polysilicon pillar 212 on the top of the 
polysilicon pillar 206b than that of the other portion of the 
photoresist layer 224. 

Using the above-mentioned feature, the photoresist layer 
224 is etched by, for example, dry etching with an etching 
recipe of a low the first doped polysilicon layer 212 to the 
photoresist layer 224 Selectivity to expose the first doped 
polysilicon layer 212. Hence, the photoresist layer 224 has 
a very Small cut. The etching gas with the etching recipe of 
a low the first doped polysilicon layer 212 to the photoresist 
layer 224 Selectivity is, for example, a combination of 
O/CF. 
AS the first doped polysilicon layer 212 is exposed, the 

etching recipe is Switched to that of a very high the first 
doped polysilicon layer 212 to the photoresist layer 224 
selectivity. The first doped polysilicon layer 212 is etched by 
using the photoresist layer 224 as a mask to expose the first 
dielectric layer 211, and an opening 213 is formed in the first 
doped polysilicon layer 212. The etching gas with the 
etching recipe of a very high the first doped polysilicon layer 
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212 to photoresist layer 224 Selectivity is, for example, a 
combination of HBr/Cl. Then, the photoresist layer 224 is 
removed to obtain the resulting structure illustrated in FIG. 
6B. 

Referring to FIG. 6C, a photolithography proceSS is 
performed to define the floating gate 214. In FIGS. 6A and 
6B, the first doped polysilicon layer 212 is etched by using 
the photoresist layer 224 with a very Small cut as an etching 
mask which is different from the etching mask used in FIG. 
2E. 

In FIGS. 6A and 6B, the step for cutting the first doped 
poly Silicon layer 212 is performed by a non 
photolithography process. The first doped polysilicon layer 
212 is exposed by blanket etching the photoresist layer 224. 
The first doped polysilicon layer 212 is etched using the 
photoresist layer 224 with a very Small cut as a mask to 
expose the first dielectric layer 211. 

The blanket etching Step is an etching Step without using 
the etching mask. The region above the substrate 200 is 
etched away until the first doped polysilicon 212 is exposed. 
In addition, when the first doped polysilicon 212 is exposed, 
a very small cut is formed in the photoresist layer 224 in the 
middle of the top of polysilicon pillar is 206b to expose the 
arched first doped polysilicon layer 212. The exposed open 
ing Size is very Small and much Smaller than that obtained 
by the conventional photolithography process, that is, the 
opening is not restricted by the resolution of the conven 
tional photolithography process. 

According to the above-mentioned process, the Spacer is 
formed on the sidewall of the trench to narrow the cross 
Sectional area of the trench; thus, the cross-sectional area of 
a Subsequently formed polysilicon pillar is decreased to 
overcome the restriction caused by the resolution of photo 
lithography. Therefore, the first doped polysilicon layer 
should be cut into two portions by a non-photolithography 
proceSS. 

If the first doped polysilicon layer is cut into two portions 
by a photolithography process, the cutting is not usually 
precise on the polysilicon pillar. The restriction is caused by 
the resolution of photolithography. This is the reason why 
We provide the cutting method using the arc feature to 
overcome the restriction caused by the resolution of photo 
lithography. 

The photoresist layer can be substituted for the other 
materials, for example, Spin-on glass, organic anti-reflection 
(ARC) layer, etc. in the cutting process. 

After the opening 213 is formed, the other portion of the 
first doped polysilicon layer 212 may be patterned to form 
the floating gates and other devices. If the photoresist layer 
224 is formed on the first doped polysilicon layer in the 
cutting process, the other portion of the first doped polysili 
con layer 212 can be patterned without removing the pho 
toresist layer to form the floating gates and other devices by 
conventional photolithography. 

The advantages of the invention are as follows: 
1. The invention provides a Stacked Source Structure, 

which is applicable to a split-gate EEPROM. A stacked 
Source Structure provides a wide Vertical interface between 
a Source junction and a floating gate to increase the Source 
to-floating gate coupling ratio, and keeps the overlap 
between the Stacked Source Structure of horizontal direction 
and floating gate as minimum as possible. Therefore, the 
invention can greatly improve the capability for Scaling the 
Split-gate flash memory device down. 

2. The invention provides a split-gate flash memory that 
has a Stacked Source Structure with a Source coupling with a 
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6 
plurality of floating gates. The Stacked Source Structure 
comprises a Source in the Substrate and a vertical polysilicon 
pillar formed on the Source in order to increase the Source 
to-floating gate coupling ratio. The Stacked Source Structure 
has a vertically extended polysilicon pillar on the Substrate, 
the vertical interface area between the Stacked Source Struc 
ture and a floating gate is increased, and the overlap between 
the Stacked Source Structure of horizontal direction and the 
floating gate is kept as minimum as possible. 

3. The invention provides the modified upper comers of 
the polysilicon pillar to enhance the reliability of the 
memory. 

4. The invention provides a method for cutting a poly 
silicon layer. The method is different from the conventional 
photolithography proceSS and does not use any etching 
mask. The opening formed by the cutting between the 
floating gates is very narrow and is beyond that formed by 
the conventional photolithography process. Thus, the inven 
tion overcomes the resolution limitation of the photolithog 
raphy and further reduces the size of the memory. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the Structure of 
the present invention without departing from the Scope or 
Spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations 
of this invention provided they fall within the scope of the 
following claims and their equivalents. 
What is claimed is: 
1. A method for fabricating an electrically erasable pro 

grammable read only memory, comprising: 
providing a Substrate having at least a Strip of a active area 

formed thereon, and two isolation Structures on the two 
Sides of the active area formed therein; 

forming an oxide layer on the Substrate; 
forming a trench in the oxide layer to expose the Substrate 

area designated for a Source, the trench being perpen 
dicular to the active area; 

filling the trench with a polysilicon layer to form a 
polysilicon pillar; 

implanting ions into the polysilicon pillar and the Sub 
Strate area designated for the Source; 

performing an annealing process to drive the ions into the 
Substrate area designated for the Source; 

removing the oxide layer; 
forming a first dielectric layer to cover the polysilicon 

pillar and the Substrate; 
depositing a first doped polysilicon layer on the Substrate; 
patterning the first doped polysilicon layer to form two 

floating gates in parallel with the polysilicon pillar, the 
two floating gates covering the Sidewall and the top 
portion of the polysilicon pillar, respectively; 

removing the exposed first dielectric layer; 
forming a Second dielectric layer on the Substrate; 
forming a conformal Second dielectric layer covering the 

two floating gates and the Substrate; 
forming a Second doped polysilicon layer on the Substrate 

and patterning the Second doped polysilicon layer into 
two control gates in parallel with the polysilicon pillar, 
the two control gates covering the Sidewall and the top 
portion of the two floating gates, and 

implanting ions into the Substrate area designated for two 
drains using the control gates as a mask. 

2. The method for fabricating the electrically erasable 
programmable read only memory of claim 1, wherein an 
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oxide spacer is formed on the sidewall of the trench after 
forming the trench and before forming the polysilicon pillar. 

3. The method for fabricating the electrically erasable 
programmable read only memory of claim 2, wherein after 
forming the polysilicon pillar and before depositing the first 
doped polysilicon layer, the method further comprises: 

forming a polymer layer on the Substrate and then baking 
the polymer layer to Solidify the polymer layer, and 

removing the polymer layer by a dry etching Step until 
upper corners of the polysilicon pillar are exposed. 

4. The method for fabricating the electrically erasable 
programmable read only memory of claim 3, wherein pat 
terning the first doped polysilicon layer to form two floating 
gates proceSS comprises: 

forming a photoresist layer to cover the first doped 
polysilicon layer wherein the thickness of the photo 
resist layer on the top of the first doped polysilicon 
layer is thinner than that of the photoresist layer on 
other portions, 

blanket etching the photoresist layer to cut the photoresist 
layer on the top of polysilicon pillar to expose the first 
doped polysilicon layer, and 

etching the first doped polysilicon layer using the photo 
resist layer with the cut as a mask to cut the first doped 
polysilicon layer. 

5. A method for fabricating a Stacked Source Structure, 
wherein the Stacked Source Structure is for a flash memory, 
the Steps of the method comprising 

providing a Substrate; 
forming a doped polysilicon pillar on the Substrate; 
forming a polymer layer on the doped polysilicon pillar 

and the Substrate and then baking the polymer layer to 
Solidify the polymer layer; 

removing the polymer layer by a dry etching Step until 
upper comers of the doped polysilicon pillar are 
exposed; 
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8 
removing the upper comers of the doped polysilicon pillar 

to form a doped polysilicon pillar with modified com 
ers, and 

forming a Source in the Substrate beneath the doped 
polysilicon pillar, wherein an annealing proceSS is 
performed to drive dopants in the doped polysilicon 
pillar into the Substrate to form the Source. 

6. A method for fabricating a Stacked Source Structure, 
wherein the Stacked Source Structure is for a flash memory, 
the Steps of the method comprising 

providing a Substrate; 
forming a doped polysilicon pillar on the Substrate; 
forming a Source in the Substrate beneath the doped 

polysilicon pillar, wherein an annealing proceSS is 
performed to drive dopants in the doped polysilicon 
pillar into the Substrate to form the Source; 

forming a first dielectric layer to cover the doped poly 
Silicon pillar and the Substrate; 

forming a first doped polysilicon layer on the first dielec 
tric layer; 

forming a photoresist layer on the first doped polysilicon 
layer, wherein the photoresist layer is not Solidified as 
coated, and a thickness of a portion of the photoresist 
layer on top of the first doped polysilicon is thinner than 
thicknesses of other portions of the photoresist layer; 

blanket etching the photoresist layer to cut the photoresist 
layer on top of the doped polysilicon pillar and to 
expose the first doped polysilicon layer; and 

etching the first doped polysilicon layer using the photo 
resist layer with a cut as a mask to cut the first doped 
polysilicon layer, thereby forming two floating gates 
covering the Sidewall and the top portion of the doped 
polysilicon pillar. 
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